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The instruments at the sub-stations are exactly the manual common
battery instrument, and the subscriber calls by lifting the receiver.
Immediately the line switches act one after the other and extend
the line to the plug and the lamp associated with the plug glows.
(Meantime the master switch has moved all lines of a group to the
next spare circuit to the next operator so that the line is pre-selected.)
The operator pulls o\?er the speaking key to answer, lifts the plug, tests
and completes the connection in the usual manner.

Time does not permit of the subject of automatic telephony being
dealt with exhaustively. The Lorimer, the American Automatic Com-
pany's, and other systems would require another paper to deal adequately
with them. That there is a great future before automatic telephony I
am convinced, and my paper can only be looked on as preparing the
way for more detailed consideration of the subject.
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• DISCUSSION1.

Mr. J. E. KINGSBURY : Mr. Aitken's paper deals not only with Mr.
complicated details, but with some general principles. It is not my KinKsburJ-
intention, even if I were able, to follow Mr. Aitken into the details, but
I would like to be allowed to say a few words on the general principles.
First, with regard to the title of the paper. In a case in the Law
Courts which was proceeding a few days ago—of some interest to
some of our friends personally and of academic interest to us all—
the Attorney-General drew a distinction between two systems in
practical use in London : one he described as the magneto system, and
the other as the automatic system. Was the Attorney-General referring
to what Mr. Aitken has been describing to-night as the automatic
system ? No. The system to which the Attorney-General referred
has been described by Mr. Aitken as the manual system. That
illustrates, I think, two things. In the first place we ought to find
some method of describing apparatus which would make it impossible
for two people to describe the same thing by exactly opposite names.
It also leads gne to suggest that there must be, something lacking in
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*Ir- one or other description, and I think it will be found in the fact that
the Attorney-General was not speaking from his brief, but was speaking
from his experiences in the practical use of the telephone, and the ease
with' which he could operate a common battery system suggested
to his mind that it was automatic. In other words, he was speaking
from the subscribers ' standpoint. Mr. Aitken is speaking from the
standpoint of the central exchange, and describes a system of
automatic switching which requires a more elaborate operation on the
part of the subscriber than that of the present system in general use.
I suggest, therefore, that some means should be adopted of
standardising the names, so that they would more clearly describe what
is intended, and I would say, merely as a suggestion, that what is now
termed automatic switching should be called machine switching, that
what is called automatic calling should be termed machine calling, and
that what is called the full automatic should be described as machine
calling and machine switching. Tha t would serve to differentiate three
different t y p e s : full automatic, semi-automatic, and so-called full
manual . I do not think the time has yet arrived when the respective
merits of those three systems can be touched upon, and if I have a
fault to find with Mr. Aitken, it is his dogmatism in defining the extent
to which all or any may be used. He has, however, commit ted
himself, if I may use the term, as a " whole-hogger." H e is for the
full automatic, and does not believe that anything else can be other
than transitory. It may be that he is right. I am not going
to say as an expression of opinion that he is wrong. I do not
think anybody would be justified in doing so. I would only say that
the material is not yet before us which will permit Mr. Aitken to put
that forward as an accomplished fact based upon statistical information,
or that it would be competent for anybody to say that Mr. Aitken is
not a true prophet . W e have, however, to bear in mind that either the
installation of a telephone system or the modification of a telephone
system is a work of considerable cost and extreme gravity ; that it is
not only an engineering problem of the complexity of which we have all
had some idea by the diagrams on the board, but that it is a complex
engineering problem mixed up with a complex social problem. Mr.
Aitken says in effect that he is a champion of the pub l i c ; that the
public as a telephone caller is really much more of a sensible
individual than some other telephone men think. Mr. Carty, who read
a paper on this general subject some short t ime ago, indicated that
telephone engineers must be careful that they were not led away by
the enthusiasm of the inventor or the manufacturer. Now Mr. Aitken
has turned the tables on the telephone engineer, and as a manufac-
turer says that it is only enthusiasts who hold that the public is
incapable of operating a telephone calling machine. I do not hold
a brief either way, but I do remember that the telephone is an
instrument which permits the transmission of s p eech ; that in the
communication of information from one to another the most effective
means of communicat ing that intelligence which nature has provided
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us with, is speech. The question is, which does it come most natural Mr.
to a subscriber to do, to say by words what he wants, or to operate KmSsbury-
a machine to indicate the same thing ? Mr. Aitken dwells on the fact
that the telephone in transmitting the intelligence to the operator is
indistinct, or may be indistinct, that the call may be indistinct. So
may the telephone in conversation be indistinct; but surely if a
telephone is worth paying to transmit a conversation which may be of
great importance, it also ought to be able to transmit the number
which a subscriber requires. That it does not do so always we know.
Would the subscriber always be sure of sending by machinery the o

right number ? It may be that he would. I do not wish to depreciate
the subscriber's intelligence, although I recognise a difference between
sending a machine call on the telephone and operating an automatic
machine for a pennyworth of chocolate. There is a difference, but the
extent to which reliance can be placed is a matter of experience and
statistics. Until we have experience and statistics to guide us it
is; unwise, it is an unsound engineering practice, to assume that
something which has not been sufficiently demonstrated may be relied
upon.

Now there is one other point that I would like to refer to, which is
the remark of Mr. Aitken's as to the improvement which would be
effected by the responsibility of any error in switching being placed
upon the subscriber. I have heard that argument before, and I have
heard methods of operating telephone systems recommended on that
account. Before this Institution I have condemned the proposals
which have been made for that purpose, and I hope I shall not be
considered egotistical if I say that experience has borne out my
objections. I would enter a protest now on the same ground ; a
telephone system does not benefit anything if it works improperly
because it is the subscriber's fault. I would urge that it is the principle,
and it should be the governing principle, of those who are responsible
for a telephone service to select a method of operation which may be
the best for the majority, to take care that the service is a sound one,
a perfect one ; and not to seek to evade responsibility themselves
by putting it on the subscriber.

Communicated: From experience we know that some methods of
calling ill adapted to use by the public are of great value when used
by experts—for example, the " call-wire" of the law system as a
publicly used method is dead, but it still lives as the " order-wire " used
exclusively by operators. Experience has also demonstrated that
reliability in service is largely increased by simplicity in the construc-
tion and operation of the subscriber's apparatus. The introduction of
machine-calling apparatus at the subscribers' station reverses the
prevailing tendency in development and places there a machine whose
operation is dependent upon the maintenance in a condition for work
of a series of springs, wheels, and contact-making devices. By reason
of the work required of it machine-calling apparatus can never be so
simple, and therefore so reliable or economical in first cost as the
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Mr. ^ existing C.B. type which, replacing a more complex generator, has only
to change a contact in order to send a call, the rest of the work being
done by a centralised battery and by word of mouth. In view of the
enormous growth of telephonic switching it would seem that the
application of machinery for eliminating or reducing the manual opera-
tions in an exchange would be in accord with the general law of the
application of machinery and should offer a hopeful field for enterprise.
Complex mechanism would not, in such case, be at the extremity of
the line but centralised at the exchange ; it would not be put in opera-

• tion by the unskilled but by the trained hand. Such an arrangement
would seem to offer the best chance for reliability and economy, for it
must be remembered that the claims made for general economy in the
operation of machine-calling and switching mechanisms ("full auto-
matic ") omit entirely the subscribers' time element. Further experience
may show that machinery can be made sufficiently reliable; that the
subscribers are able and willing to do the work required of them ;
and that all this is economical in working, but until such experience
is obtained the application of machinery to machine-switching (" semi-
automatic") would seem to be the line of least resistance in "automatic"
development, since the change would be entirely of an internal character
and maintain the existing conditions for the subscriber which are ideal
so far as regards the employment of his time or the application of his
intelligence. In expressing these views I do not wish to convey the
impression that I consider any limit should be placed to the possible
developments in the employment of machinery. Practical tests under
working conditions in carefully, selected areas should be encouraged
with a view to obtaining by experience the definite information now
lacking on some very important points. Experiments on the large scale
resulting in disappointment would not only be very costly but would
also tend to retard real progress.

Mr.Gill. Mr. F. GILL : Owing to pressure of work I have not been able fully
to study the paper. I think 1 must disclaim credit for the suggestion Mr.
Aitken gave to me. I think something I said must have got slightly
misunderstood, because the National Company has felt that the function
of the private branch exchange operator is very important indeed to
the service. We hardly think you can get rid of her by any automatic
gear, no matter how it works, for this reason : she has certain functions
which demand an intelligence that you cannot get rid of by the
substitution of automatic gear. Calls coming into the subscriber's
office have to be filtered and the correct representative found. Callers
for Mr. Smith want to know what department Mr. Smith is in. Calls
going out in the other direction have to be nursed through, and the
expensive time of the principal saved by the less expensive time of
the operator. Therefore we think that in considering the clearing
signal of the private branch exchange it is better practice always to
give that signal to the private branch exchange operator, not to the
central, and put the control of the supervisory signal in the hands
of the private branch exchange operator. It is true some subscribers
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do not furnish good attention at their private branch exchanges, but Mr. Gilt,
that makes no difference to the principle I refer to. On page 676 there
is a large diagram which contains a point Mr. Aitken might explain.
All down that 10,000-line exchange the lines to the secondary line
switches are on a 10 per cent, basis. I think that is only illustrative.
He will put me right if I am wrong. Obviously those subscribers may
have different calling rates, therefore the number of lines—i.e, 100,
appropriate to, say, the subscribers between o and 999 may not be
appropriate from 2,000 to 2,999. * think that is only my reading of the
diagram ; the paper is a valuable one, and it might be as well to get
that straight. On page 677 there is the same point. He refers to a
10 per cent, basis for junction lines. On the next page (page 678),
22^ calls per junction for a busy hour is referred to. Those are
American figures, and it seems to me it would be unsafe for
anybody to transplant those figures into this country until he is sure
they apply. In London the figures would not apply, the duration of
the conversation itself is very much longer than indicated by those
figures. Another point I would mention is that he referred to the fact
that all special services would be given by the automatic. " All special
services" is rather a large order. In the National Company, for
instance, the codes which give the operator the indication of the
services, and the way to handle them, run up to 60 in number : that
is to say, there are 60 different instructions to be given the operator
with regard to the way different services have to be handled, and I
think in all telephone systems, in all exchanges, there is a survival of
old rates, and things like that, which do not clear out very quickly.
It is necessary to have different rates and services for different
conditions of the public : Mr. Aitken gives that old figure of one man
per 1,000 lines. Let us dispose of this once and for all. The last time
I came across this man was in the United States, at Los Angeles I
think, and I thought I would run him to earth. I went into the thing.
One man per 1,000 lines was all right, but I said, " How long does
he work ?" " Eight hours per day," and I found it was three men per
1,000 lines, with an 8-hours' shift each. I want to know how many
men are on the pay-roll, whether it is one man per 1,000 lines, or three
men per 1,000 lines.

Mr. Kingsbury has referred to the paper by Mr. Carty, and Mr.
Catty, I think, gave this very useful caution in this matter. Do not let us
call it " manual" versus " automatic " : that is not the real question ; it
is rather, Where shall we use "automatic" ? In many ordinary forms
of telephony there are trains of automatic gear set in motion by the
operator or subscriber, and when these are all added up there is really
a great deal. The question is not so much whether we shall use an
automatic gear, but where we shall use it. Mr. Aitken said truly that
the proper course is to study an area. Everybody can point to all sorts
of differences here, there, and elsewhere. The manual system is better
here, and the automatic system, using the expression, is better there.
The only way to treat the thing is to take large areas. If a small one
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Mr. Gill. is taken it may be short-sighted. Take a large area and study it right
down to the bottom, after having first decided what kind of service is
going to be given, and then I think a conclusion will be arrived at. I
do not think a conclusion can be come to on the subject by any
discussion of diagrams or partial costs; the whole cost must be taken.
While on that subject, in the table of costs which Mr. Aitken gives he
does not give any traffic basis. Can he help us upon that ? It is
obvious that the cost of a building, for instance, would largely depend
on the calling rate, and so on. The paper by Mr. Carty is one worth
reading by everybody interested in the subject. I do not suggest for a
moment that men should take their opinions ready made, even though
made by a man of the eminence of Mr. Carty. What he says, however,
does put an onus on any one who claims that what I may call the full
automatic is the proper system. He takes an area, studies it, and gives
the result. Therefore I think it puts a serious onus on any one
wishing to prove either that the automatic is, or is not, a proper
system to use, of doing practically what he has done, that is, studying
the whole thing carefully and I getting the overall results.

whaiiey ^ r < A< WHALLEY : I had the pleasure three years ago of looking
into about five different systems in the United States, and they filled
me, I admit, with astonishment and admiration at the results which
had then been accomplished. There is evidence sufficient in Mr. Aitken's
paper to show that the subject cannot be ignored, and that it is time for
the business man, the man in the street, to be consulted. If a system
has been evolved after somewhere between ten and fifteen years' hard
work, in the face of the keenest competition from the manual system,
and in connection with which 300,000 telephones are at work, there
must be something in it. The interest of the man in the street is this,
I take it, to save his time or money. In this, the largest city in the
world, in each working day of roughly five hours, several million
pounds sterling must be earned, and therefore each second of time in
the working hours must be worth somewhere between £100 and ^500.
It is claimed by the advocates of the automatic system—Mr. Kingsbury
will pardon the retention of the term, as it was first applied to such
systems, I should think, nearly ten years ago—or the manufacturers of
those systems, that one saving to the public is that the disconnection
of the exchange lines is practically instantaneous ; it can scarcely be
counted in seconds. The bulk of the conversations in London it is
known generally by telephone engineers, although perhaps not by the
general public, is carried through several exchanges, perhaps three or
four, at each of which there is a manual operator, each of whom must
observe and be free to attend to the signal to make the proper discon-
nection. The manual operator who received the call is provided, as a
rule, with 17 pairs of cords, and has to attend to anywhere between 100
and 200 subscribers who are sending calls requiring connection, and at
the same time, from those who are already connected, she is receiving
signals demanding instant disconnection, and the poor soul cannot
attend to all at once. The result is that in this most important city
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in the world as regards population, we wait longer than we ought to for Mr.
^̂  Whillcv

our exchange lines to be disconnected. It is said also by certain of the
advocates of the automatic system that it takes less time, on the
average of all the calls made by subscribers, to get through than on
the manual system. All we do know, we people who are users of the
telephone exchanges, as we have them in this city, is that the service
is very far from being as quick for the purpose of the public as it is
with identically the same apparatus in the City of New York. There
may be special reasons for this, but the man in the street is not
interested in them. He wants to save his money. We have produced
in this country telephone engineers who for the most part, both in the
employ of the National Telephone Company and of the Post Office,
have been brought up in the catechism of the standard American
practice, that of the American Telegraph and Telephone Company.
The immense sums of money spent by that Company, and the vast
experience their engineers have acquired, have meant that our
engineers had to go to them to learn. It has been admittedly un-
avoidable, but the tendency has been for a kind of tutelage to be estab-
lished, and if any new system that is brought out has not been approved
by these, their godfathers and godmothers, for us to be prevented from
trying it perhaps as fast as we should if our opportunities had
allowed us to develop on our own lines. But I think that the whole
matter is one for the man in the street, the business man, and it is a
subject that should not be played with. For about ten years all new
London telephone exchanges have been of the American Telegraph
and Telephone Company's manual type, and the service is not
quick enough. If there is any intention of quickening up, improving,
and saving the time of the business community, a serious effort ought
to be made to investigate this to the extent, not of sending an engineer
every year or two to look into it briefly and make a report, but for
some one to go and stay in those cities where these automatic
exchanges are in use, comparing them from day to day with the
manual practice, and, even although the cost should be double in
maintenance, if there should be a saving of time to the business man,
to let us have a io,ooo-line exchange laid down.

Communicated : If we were told that the value of subscribers' time
wasted is £1,000,000 per annum we might be surprised. But it
may be short of the mark. For 100,000 subscribers it means £10
per year each, yet then so small a sum as 8d. per working day, or
id. per call at an average of 8 per day. If the time wasted is
one minute, then the average value of a subscribers' time is 5s. per
hour ; if half a minute, 10s. per hour, and so on. If there are 500,000
subscribers, the loss at the same rate is £5,000,000, and if the loss per
call should be 4d., then £20,000,000 per annum for the same number.
Whatever the correct value of subscribers' time lost, it is a serious
figure ; an annual loss, and more than loss. When money is lost or
stolen, it may possibly be regained, and usually is not destroyed,
but is available for circulation. Time lost is destroyed. The
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Mr. total capital sunk in telephone exchanges in this country is
a ey< under £30,000,000. W h o can put a limit to the capital value

of the time of the business community ? W h a t is the time per
conversation likely to be saved by the automatic system ? The average
time the junction lines in a particular town, equipped with a manual
system, were in use for a conversation was found, as the result of
thousands of tests, to be 2 minutes. The automatic system, with the
same subscribers, brought this down to 1*33 minutes, a saving of two-
thirds of a minute. Also the maximum number of lines engaged at any
time fell from 14 to 8 per c e n t , reducing by nearly 50 per cent, the
chance of a subscriber finding the line he wanted was engaged. It
appears reasonably certain, therefore, that a large fraction of one
minute would be saved.

Mr. Conner. Mr. M. S. C O N N E R : In order to follow the paper I believe it will
be as well to consider that the automatic system is the system that is
described by Mr. Aitken, and the Manual system is the system that we
regularly understand as the manual system. Before going deeply into
the matter, however, it would appear to be wise to analyse just what
the automatic system so-called consists of. It would appear that it
consists of doing a certain number of things automatically and a certain
number of things by machines under the control of the subscriber. I
believe that all of the things that it really does automatically with
the exception of the automatic instantaneous disconnect or taking-
down of the connection are found in the manual equipment. T h e
automatic r inging of subscribers, the automatic registering of calls, the
ringing of party lines without the resource of special party line ringing
keys by connecting each subscriber to a different jack are well known
in the manual field. I believe also some of the advantages Mr. Aitken
has brought out of reducing the number of junction lines between the
exchanges are, more or less, the result of the decimal system of
junctions which seemed to appear almost automatically with the
automatic system, and of gett ing rid of those superfluous junctions
which were not needed by the service required. It would seem there-
fore that we have only to compare the making of connections by
machines with the making of connections by operators. I feel, after
having made a very extensive investigation of the matter at one time,
that, contrary to usual opinion, the automatic system so-called, is a
successful system for giving telephone service. T h e subscribers like
it, and I say this after having interviewed hundreds of them in various
places. T h e service is quick, and I believe therefore that we are really
reduced to considering the question from a financial point of view. If
we take the figures of a representative telephone-operating organi-
sation, we find that the expense of operators is very rarely more than
one-quarter of the total expenses, and under good organisation it should
only be one-fifth, even though the system may reach to 30,000 or
40,000 lines. Wi th such figures we evidently have not very far to go
to make up a corresponding amount for expenses and, proof to the
contrary notwithstanding, it would seem that this is made up in
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automatic systems in cost of maintenance and depreciations. It is Mr. Conner,
hardly possible to read through the five pages in Mr. Aitken's paper
which describe the putting through of a connection by the automatic
system without realising the enormous number of contacts that have to
be made and broken before the connection is established, and if we
believe that the cost of maintenance of a piece of mechanism is purely
a function of the number of operating parts, we must realise that the
cost of maintenance of automatic systems is more than the cost of
the maintenance of manual systems. As far as the subscribers'
instruments are concerned, under ordinary conditions they should be
identical with the exception of the rotary switch. We have no right to
compare the latest form of telephone that may be used with an automatic
system with an older type of telephone that may be used with the
manual system, and it hardly seems right as is suggested in Mr. Aitken's
paper, that the maintenance of the subscribers' instruments may be
anything from i dollar to 10 dollars, whereas the maintenance of the
automatic system all through is less than 2 cents per station. I
am certain the amount of derangement of the automatic apparatus is
greater, and I do not believe that I can illustrate the matter more
forcibly than to state that about four years ago I made a visit to the
automatic exchange at Columbus, Ohio. It was late in the afternoon
between four and five o'clock, and I saw four or five trouble clerks
taking down complaints as fast as they could answer the calls. The next
day I went to St. Louis, and at 11 o'clock in the morning, the busiest
hour of the day at a central battery manual exchange that had more
subscribers connected than the Columbus exchange, there was one
employee sitting at the clerk's desk reading the morning paper. I do
not think that Mr. Aitken's deductions concerning the cost of buildings
are well founded. Operators are employed to some extent in auto-
matic exchanges and therefore accommodation must be found for
them. I do not see that there is any reason for having more elaborate
premises merely because there are more operators. We get a great
many comparative statements which always turn out to be studies. I
have never been able to find them yet substantiated by audited figures.
From the large number of automatic exchanges which are in operation
the available audited balance sheets of the companies operating these
exchanges do not show greater earning power than those of other
companies operating manual systems. Some of these balance sheets do
show rather small expenses, but we see exceedingly large additions to
capital, and the capital value of each station mounts up each year.
This is not healthy. It is therefore very evident to me, and should be
to any one who carefully investigates the matter, that up to the present
time no automatic system or machine-operating system has been
devised that can give a good reliable telephone service at the same
expense at which a corresponding service can be given by modern
manual equipment. I believe that the question of depreciation also
has a bearing on this matter. Mr. Aitken has given in the table in his
paper that a manual switchboard has a life of 10 years. There are a
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Mr. Conner, large number of common battery switchboards in existence to-day that
have been in existence for more than 15 years. The Bristol exchange
of the National Telephone Company has been in operation nearly n
years, and I am certain has many years of service before it. I further
believe that the Postmaster-General is expected soon to acquire a large
number of telephone exchanges which have been in operation more
than 10 years. With the recent improvements that have been made in
the choice of material for the making of springs and jacks and the
proper shape of plugs, the life of these articles which most rapidly wear
out has been greatly prolonged, and I do not think I am going wrong
in stating that it is not difficult to-day to get a multiple switchboard
that will be in good operating condition, aside from the necessary
replacement of plugs and cords, in 25 years. On the other hand, we
have had no experience of the automatic system for any great length of
time. The systems that were installed 14 or 15 years ago have passed
away a long time since. The switch mechanism consisting of the
vertical and rotary motion of the vertical shaft of the selector and of
the connector does not go through a cycle of operations, and any wear
that may take place in this part cannot be taken care of by adjustment.
It is evident that the first step on both of these motions is used every
time the switch is used. The second step is not always used, and
so the first step must get a great many more times wear than the
last step; when this wear is enough to throw the wipers out of
adjustment the switch jams and the vertical shaft must be replaced. It
is a fact that large quantities of them have had to be replaced in a very
short time. I believe that there may be hopes for automatic telephony
if by some improvement or invention a very large proportion of the
number of parts required to make up the mechanism can be done away
with. The apparatus could then be made in a more robust and
scientific manner without costing too much, and could be protected
from dust and otherwise approach the quality of the apparatus that is
used on manual equipments. If this could be done the maintenance,
of course, would decrease, but when we consider that the Strowger
patents were taken out in 1888 and that during 25 j'ears enormous
sums of money have been expended in bringing this device to
perfection, which has resulted not in simplification but in more com-
plications to correct defects, we get rather discouraged as to any
advantageous use of it. With reference to the question of semi-
automatics I should rather be inclined to agree with Mr. Aitken. Why
we should have in the exchange all the connecting apparatus and the
operators as well I do not understand. The semi-automatic, therefore,
would appear to have the disadvantage of both of the systems and the
advantages of neither of them.

Mr. Scruby. Mr. R. SCRUBY : My remarks will apply to the Automatic Electric
Company's system, as that is the only entirely automatic system which
has had a really good test, and stood up to that test. I should like to
know if any change has been made in the party-line instrument since
the one first designed, as I believe the first party-line instruments were
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installed at Allentown, Pennsylvania. From the tests I made they Mr. Scruby,
did not work as satisfactory as one would wish, and I believe a great
number of these instruments were taken out. Regarding the operation
of the manual, as compared with the automatic switchboards, although
I do not forget the operators of the Allmanna Exchange in Stockholm,
whose dexterity was wonderful considering the apparatus they had,
nor the operators at the China Town Exchange in San Francisco before
the fire, who were not girls who would leave before they attained any
great efficiency, but Chinamen. Remembering, as I say, these cases
in which there exists a very high operating efficiency and operators
who will be content to stay, yet I am sure the automatic is the best
system in the end. About seven years ago I went to Albuquerque,
New Mexico, to see one of the first automatic telephone exchanges
which had been put in. This was of about 200 lines, and had been
working six years ; it was giving entire satisfaction to the users, and
was a financial success. At Grand Rapids a 10,000-line exchange was
installed, and was giving thorough satisfaction to the subscribers; it
was also paying good dividends before the advent of the Keith line-
switch and the common battery two-metallic-line instruments. The
Keith line-switch opens up greater possibilities, and allows much
greater economy in the automatic telephone system, and I am sure
that the system in Chicago will show that there is practically no limit
to the number of lines which can be used on the automatic telephone
exchange system, although this Chicago system has been installed
under such rushed conditions. About eight years ago I was in Los
Angeles to see what then was the finest independent manual exchange
in the United States. The service given was excellent; only a year or
two after that date all extensions to this system were not manual but
automatic, and now they have one of the largest automatic exchanges
in the world. Having lived for three years in Dayton, Ohio, where
there was a manual exchange and a 10,000-line automatic exchange,
I can assure you that the public were very much in favour of the
automatic exchange. I had an automatic instrument in the house
where I lived, and I cannot remember ever getting a wrong connection,
although I used the instrument to a considerable extent.

The telephone service engineers in considering the feasibility of
automatic telephone exchanges bring up these two points: the first
cost of the apparatus, and maintenance. Mr. Aitken says there are
already 300,000 instruments in use. Although this is surely ample to
show the reliability of the service, from a manufacturing point of
view 300,000 is not a very great quantity of telephones to get a very low
manufacturing cost and a design which will bring the maintenance to a
minimum. The automatic telephone system is largely a manufacturing
problem; only one firm has, up to now, been making the apparatus,
and the repetition orders are not put through the factory in anything
like the quantities which they are in some of the manual telephone
works; consequently, when more manufacturers produce automatic
telephone apparatus, and repetition orders are placed on a scale of the
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Mr. Scruby. manual orders at the present time, we may expect considerable reduc-
tion in the cost of the automatic apparatus ; in fact, the manufacturing
cost of the automatic apparatus must now drop quicker than the
manual. I should like to mention that in the whole of the automatic
telephone system there is not one part upon which so much scrap is
made in manufacture as the 3-point C.B. plug and multiple jack, but
this is not the only saving the manufacturer can make. As the
quantities manufactured increase, the maintenance of such a complex
piece of apparatus is brought down considerably ; for example, the
manufacturer designs such testing apparatus as will automatically give
the apparatus a lifetime test before it leaves the works. Such testing
is given to a cash register, for instance, which is a much more intricate
piece of apparatus than an automatic telephone, with the result that
maintenance is almost negligible. Fur thermore, although England, as
compared with the United States, is not manufacturing an enormous
number of telephones, nevertheless there are one or two telephone
manufacturing companies in England that are turning out better work
than any of the foreign works, and these will be a considerable help to
the English telephone system when they decide to commit themselves
to automatic telephony. I should like to emphasise the necessity of
having a cosmopolitan telephone. A man in a foreign country
generally wants to telephone to some one speaking his own language,
therefore a cosmopolitan calling device is a great help. I know that
in Stockholm I had the greatest difficulty in getting people on the
telephone. It was no fault of the operator or system, as a manual
system. The service was excel lent ; it was my atrocious Swedish. If
the automatic had been installed I should have used the telephone
much more often, as everybody I wanted to talk to could speak
English.

Mr. Mr. D. H. K E N N E D Y : I should like to say a few words on the
subject of nomenclature, which has been referred to once or twice.
I would submit that the system which has been described by Mr.
Aitken is a system which is better described by using two words than
one. It is an automatic switching system. T h e systems at present in
existence in this country have, I think, been divided for statistical
purposes into two. They are both manual switching systems and have
been described as the non-automatic signalling system, meaning the
magneto system and the automatic signalling system, which refers to
the central battery system. Several times during the past week I have
heard the Attorney-General referring to the central battery system, and
so far as my recollection goes he was careful to use the second word as
well as the first, always calling it the automatic signalling system.

Mr. Holme. Mr. T. H O L M E (communicated): I think the author has made out his .
case in favour of the automatic for large multi-office schemes, as the
elimination of B as well as A operators, and the economies in junctions
would materially affect the rental to be charged for the service. For
so-called single office systems it is very problematical indeed whether
any business concern would go in for so complete a change on the
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doubtful assumption of a saving of 17 shillings per line. The compara- Mr. Holnre. 

tive costs given on page 687 are very interesting, but need revision from 
a British cost point of view. I may say we have a 10-line automatic 
exchange in connection with the service at Hull in a village about 6 
miles from the central exchange. I t  is a very small affair, but it may 
be of interest, as I believe it is the first exchange of its kind to give 
public service. I t  consists of the usual rotary and release mechanisms 
with a busy-back circuit, which is only set up when an engaged line is 
tried, and is worked by a couple of dry cells. The subscribers' instru- 
ments are fitted with hand generators, and they ring through after 
setting up a number. The capital cost runs out at ,G4 per subscriber 
for the exchange apparatus and ;E2 10s. for the instruments. The 
system has been working just a year, and the maintenance cost for that 
time has been extremely low. 

Mr. A. L. STANTON (comrnu?zicated) : As it has been my experience Mr. 

to have had facilities for observing some phases of automatic equip- Stanton. 
ment in actual operation, the paper contains much matter of interest. 
I therefore wish to offer a few remarks. T o  telephone men the 
subject of full automatic equipment is becoming of increasing 
importance, as will be at once obvious when such questions as 
the elimination of operating expenses, the reduction of office cost 
and attendant charges come within the range of practical accomplish- 
ment. Existing conditions here are such that certain efforts tending 
towards the production of definite standards of equipdent and 
line design are in force, but in this respect the telephone business 
bristles with difficulties, as manufacturers in particular will be well 
aware of. The standards aimed at in present practice are based upon 
features essentially the outcome of the highest types of manual service, 
wherein the efficiency is extremely high : for the human element func- 
tions are reduced to a minimum, the actual operations largely include 
automatic principles, and, apart from commercial limits, a uniformity 
of 'transmission is obtained difficult to excel ; it may also be safely 
stated that very few areas exist in Great Britain where evidence of 
capital charges in the shape of manual service plant in place is not to 
be found. Perusal of Mr. Aitken's paper leads us to suspect that under 
the present conditions the cost of installing single exchange equip- 
ments under ~o,ooo lines works out with a considerable credit on the 
side of manual when such service versus full'automatic is in question ; 
therefore accurate information on this point applicable to conditions 
over here would be of value. I do not think it will be incorrect to 
state that a very large proportion of the telephones throughout the 
country are connected to single exchanges corning under this category, 
and, unless the optimism of the Postmaster-General is justified, some 
time will elapse prior to the demand for 'many exchange equipments 
approaching 10,000-line service values. The gradual conversion of 
service from older to more modern types has also been possible along 
lines which at certain stages of development have spelt less initial outlay 
and loss on original value of plant in place than would apparently be 
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Mr. the case where conversion to full automatic working takes place; 
Slanton. moreover, my experience is that the admittedly complex questions 

involved by efficient intercommunication and distribution do not, at 
least in provincial areas, admit of consideration along American lines. 
Statistics covering the all-important question of annual maintenance 
costs are also highly desirable; my observations are that the staffs 
engaged on such equipment necessarily must be trained to cope with 
duties demanding a higher order of average ability than is now to be 
found available on manual service. If it is not out of place to make 
the inquiry I think it would be of interest to know what information is 
available regarding the reliability of adjustments, what effects result 
from variation in voltage, and what is the minimum permissible insula- 
tion value for distribution. The problems to be faced when consider- 
ing this country as a field of probable development for full automatic 
equipment are such as would demand very serious attention from a 
financial point of view. I am of opinion, however, that at no distant 
date conditions will arise containing the groundwork of full automatic 
possibilities. Given satisfactory expenditure liabilities, the supply of 
service to small exchange areas, including private branch exchange 
requirements, would appear to be suitable for proving the merits of 
some of the numerous switching arrangements utilised, and no one 
who is acquainted with what has been accomplished by the engineers 
engaged in developing such equipment can have any doubts about its 
capability for ultimately surpassing the best manual service where 
flexibility is concerned. In practice, however, this factor alone spells 
an increased complication of mechanism operation, having a tendency 
to exceed the value limits of advantages derived, since it has a commer- 
cial aspect which cannot be ignored. Referring to the author's first 
statements in connection with private branch exchanges, and without 
in any way desiring to underrate the value of the improved boards 
giving automatic disconnection advantages, I think it will be admitted 
that when the number of extensions on any of the small boards now in 
general use exceeds a unit figure value, it will be found that a regular 
attendant becomes a necessity, which the telephone authority supplying 
service are not backward in pointing out for traffic reasons. I t  follows 
that neglect in this direction can only result in unsatisfactory service, 
seriously augmented if, as is usually the case, a considerable proportion 
of extension connections are completed through the main exchange by 
junctions provided for the purpose. Viewing the matter thus, I venture 
to submit that the percentage of troubles due to main exchange con- 
nections being left through to private branch extensions after the 
clearing signal has been given is a-negligible factor when good service 
essentials are provided. A scheme of automatic working should pro- 
vide for eliminating the private branch exchange operator altogether 
to be successful, and my knowledge of the difficulties experienced in 
connection with the education of subscribers as regards the correct 
way to handle a telephone does not, I am afraid, produce the optimism 
the author evinces towards effects directly resultant upon telephone 
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users who have to control the whole operations essential to the Mr.--
maturing of connections. The average subscriber in Great Britain Stanton.
does not yet appreciate the value of telephone service to anything
approaching the extent given in American service.
' Mr. W. AITKEN {in reply) : Various speakers have dealt with the Mr. Aitken.

words used to describe the various systems, but I fear those suggested
by Mr. Kingsbury are too long, and are not descriptive enough. The
terms used have the advantage of being brief and, on the whole, very
comprehensive. The system in general use here is manually operated,
and, therefore, generally the word " manual" is sufficient to describe
it. If one wishes to speak of a particular division, one would add
"automatic signalling," or "magneto signalling." In the system I
have described the switching or operating is automatic for, say, nine-
tenths of the work, and may therefore be fairly described under *
that heading. Semi-automatic usually describes a system where the
operator continues to answer the calls, but in which the remainder
of the operations are automatically performed.

Mr. Kingsbury thinks that I have been too dogmatic in defining the
extent to which the automatic system may be used ; I have simply
taken the facts as I found them. I find that several of the largest
towns in the United States have adopted this system in a very large
way, and, apparently, are perfectly satisfied with it. I think there is
sufficient material available on which to base an opinion. The manual
system is becoming, if anything, over-elaborated, for example, by the
introduction of three calling signals and three answering jacks per
subscriber's line, so as to give nine operators facilities for answering a
call from a subscriber.

Mr. Kingsbury argues that, if the telephone is good enough to carry
on a conversation with, it should be good enough to hand in a call to an
operator, but he overlooks the fact that another telephone—namely, the
operator's—is brought into use in performing this act, and, whilst the
two telephones required for the conversation may be satisfactory, the
telephone to the operator may not be so. Mr. Kingsbury also lays
stress on the words I used, " that, if an improper connection was made,
the subscriber was to blame." Naturally, the apparatus given to the
subscriber to use must be such that it will not get out of order readily,
and that he is only responsible for sending in wrong calls. It,
however, seems to me that the subscriber, after using an instrument a
few times, will become quite expert in the use of the dial.

With reference to the small switchboards with automatic dis-
connecting facilities, I regret the misunderstanding with Mr. Gill. I
understood from him that he was in favour of the subscriber, when once
connected, being able to pass several messages through to the central •
exchange without the intervention of the branch operator. On the
circuits in general use I know this is not possible,, as the holding coil is
across the circuit during conversation—a feature, in my opinion,
prejudicial to good transmission. These small switchboards, however,
can be used with or without the slow-acting relay, as required, and
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Mr. Aitken. therefore the entire supervision can be given to the branch operator,
or the subscriber allowed to signal the central operator, as desired.
These switchboards are specially, designed for use in offices, having a
small number of extension lines, where no regular attendant is
provided, and, where a three or four-line switchboard exists, it
is very rarely a special attendant is provided. It is the duty of the
office boy, or any one convenient, to make or disconnect a con-
nection. As the call is by bell, if the switch is left in the proper
direction, any one can be trusted to make the connection; as,
however, the clearing signal is silent, if there is no regular
attendant, the connection may be left through much longer than
required, to the detriment of the public service, and I think this
automatic disconnection facility will be found a great advantage, both

« to the subscriber and to the central exchange. The holding coil is

cut off automatically, and the board is practically fool-proof.
For the reasons specified by Mr. Gill, the Automatic Electric Company

do not recommend complete automatic in branch exchanges, because
it is found that the special service required at branch exchanges is
better carried out by an operator than by the full automatic, although,
in practice, it is frequently found that the full automatic is an advan-
tage for certain of the branch lines, and certain lines to be worked
manually. The automatic system, however, is so flexible that either
all, or part^ may be worked automatically or manually, the essential
automatic feature being that all the lines to the branch exchange are
available to a subscriber who calls the number designating that
exchange, the automatic apparatus then selecting the first idle
junction line to the switchboard.

If Mr. Gill refers to the large diagram Fig. 12, he will notice that an
intermediate distributing frame is introduced between the primary and
secondary line switches, on which the traffic may be equalised just as
is done on the intermediate distributing frame of the manual system.
With reference to the 10 per cent, basis for junction lines
(page 677), the apparatus is manufactured on the 10 per cent,
basis, but it is not necessary to connect up all the circuits. The
circuits connected up will depend entirely upon the traffic, and the
introduction of the secondary line switch, in connection with junction
working, ensures the reduction of the number of junction lines to the
minimum necessary to carry the traffic efficiently. As regards the
number of calls per junction line, may not the longer time taken for
junction calls in this country be due to the fact that they are manually
operated, whereas junction calls automatically operated and auto-
matically disconnected instantaneously make it possible for junction
lines to carry a much greater number of calls per busy hour ? I agree
with Mr. Gill that "all special services" seems a large order, but my
brief experience of automatic systems is, that any problem put before
automatic experts is invariably solved in a satisfactory manner.

I am sorry I cannot definitely settle the point Mr. Gill raised with
regard to the maintenance by one man per 1,000 lines. This is a
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figure usually quoted, although I have seen it lately reduced to 700 Mr. Aitken
lines as the average. Certainly it is not three men per 1,000 lines per day.
The one man taking 1,000 lines may be right for the busy hours of the
day, but during the quieter hours a man looks after several thousands.
I expect it depends partly on whether the equipment is a new or old
one to some extent, and also on the ability of the man. I am sorry I
have not, at the moment available, any traffic data that would be
helpful to Mr. Gill. I have been informed, however, that in Los
Angeles, the calls per line are exceptionally high, something like 25
calls per line per day.

Mr. Whalley is able to speak from experience of the operations of
exchanges in America, and his remarks are very interesting. I think
it is only reasonable to expect that there would be a great saving in
time and money, if the automatic system were adopted, owing to the
rapidity of service subscribers' lines testing less frequently engaged,
and the carrying capacity of the lines being increased.

I was pleased to hear Mr. Conner's remarks, particularly that the
method of automatic calling was appreciated by the subscriber. This
agrees with all I have heard on the subject, and, for this reason, the
automatic telephone is used to a greater extent than the manual system.
The automatic apparatus looks more complicated than it really is;
mechanically the selectors and connectors are very similar. Wearing
parts are principally associated with the wipers. Mr. Conner says that
the shafts also wear, but in apparatus I have had access to and which
has seen a considerable amount of service, there is nothing to indicate
this. Mr. Conner says that we have no right to compare the latest
form of telephone that may be associated with the automatic system
with an older type of manual telephone, but I fear the same
argument applies with regard to automatic systems. We are in-
clined to compare and judge an apparatus that was made a
number of years ago. It is to be borne in mind that within the
last few years great advance has been made in manufacture and
design of automatic equipment. The quality of the metal used for the
springs and other parts is of a quality very much higher than is
generally used in manual equipment, and other mechanical details
have also received very careful consideration. The 2-wire system
has introduced both complications and simplifications, and the
2-wire line switch has reduced the number of parts very considerably,
and the great feature of the Automatic Electric Company's system—
namely, the simplification of the impulse sender, or dial switch—has
removed the reproach that was commonly urged against the automatic
equipment, that the apparatus at the sub-station was made compli-
cated and expensive to maintain. The automatic exchange of Columbus,
quoted by Mr. Conner, is not one of the exchanges on the 2-wire
system. I do not think there is any doubt about the simplification of
the automatic equipment in the future, although it seems difficult to see
how the number of selectors and connectors can be reduced to get a
switching system that will deal with hundreds of thousands of lines,
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Mr Aitkeii. \jU^ j k n o w t n a t simplifications in other directions may be expected at
an early date.

Mr. Scruby's remarks are interesting from the varied experience he
has had of different exchanges and systems, and I note he classifies the
service from the automatic system as excellent. Mr. Scruby emphasises
the necessity for the automatic by specifying the language difficulty.
There is no doubt that, in many of our great cities particularly, the
automatic telephone would be a great boon to the traveller.

It is, I think unfortunate that Mr. Holme has not informed us as to
which type of automatic exchange he uses. One can only assume that
it is a Swedish pattern, and it is interesting to note that it gives little
trouble.

With reference to Mr. Stanton's remarks that "my paper makes out
that the single exchange equipment, under 10,000 lines, works out
with a considerable credit on the side of manual," I think Mr.
Stanton has misunderstood me. Whilst switchroom equipment costs
more than with the automatic, yet, when the whole installation of out-
side and inside plant and buildings are considered, the automatic
system works out very much cheaper, and for exchanges of a very
much smaller number of lines than 10,000. With regard to the reliability
of adjustments, I do not quite understand what is covered by this, but
the apparatus, when properly installed and adjusted, works reliably
without the necessity of frequent readjustments. The variation in
voltage due to length of line is quite comparable with manual common
battery systems—you have simply the battery on the line through the
relay coils. All the electromagnets doing the switching are in local
circuits. The line insulation resistance necessary is also practi-
cally equal to a 40-volt manual common battery system. Mr. Stanton
also mentions the small boards with automatic disconnection facilities,
but I have dealt with these already. He states that the percentage of
trouble due to main exchange connections being left through to
private branch exchanges, after the clearing signal has been given, is
a negligible factor, when good service essentials are provided. This is
readily agreed to. These boards are primarily designed for small
installations where, for purposes of economy, an attendant is not
provided.

The The PRESIDENT : I will now ask you to accord a hearty vote of
President. •

•thanks to Mr. Aitken for his interesting paper.
The resolution of thanks was then put and carried with acclamation.




